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14 Grand Challenges of NAE

www.engineeringchallenges.org
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Where does our water supply come from?

What is desalination?

What other technologies will provide clean 
water?
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What is involved in maintaining infrastructure?

How can you improve transportation 
systems?

How do you build better infrastructure?
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How do you make solar energy more economical?

How do you store solar energy?
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How do you capture CO2?

How do you store CO2?
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• Civil engineering is the second oldest 
engineering discipline after military engineering.

• The term “civil engineering” was coined to • The term “civil engineering” was coined to 
differentiate from military engineering.

• Civil engineers design and build not only 
buildings and bridges but also infrastructures.
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2700 BC Pyramid of Djoser, Egypt 62

2600 BC Red Pyramid of Sneferu, Egypt 105

2570 BC Great Pyramid of Giza in Egypt 146

1311 Lincoln Cathedral in England 160

1549 St. Olaf's Church in Tallinn, Estonia 159

1625 St. Mary's Church in Stralsund, Germany 151

1647 Strasbourg Cathedral in France 142
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1874 St. Nikolai in Hamburg, Germany 147

1876 Cathédrale Notre Dame in Rouen, France 151

1880 Cologne Cathedral in Germany 157

1884 Washington Monument in Washington D.C., United States 169

1889 Eiffel Tower in Paris, France 300

1930 Chrysler Building in New York, United States 319

1931 Empire State Building in New York, United States 381

1967 Ostankino Tower in Moscow, Russia 537

1975 CN Tower in Toronto, Canada 553

2007 Burj Khalifa in Dubai, United Arab Emirates 828
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• CN Tower

• Location: Toronto

• Height: 553 m

• Built in: 1976

• Willis Tower

• Location: Chicago

• Height: 527 m

• Built in: 1974
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• Petronas Towers

• Location: Kuala Lumpur

• Height: 452 m

• Built in: 1998

• Tapei 101

• Location: Tapei, Taiwan

• Height: 509 m

• Built in: 2003
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• Warsaw Radio Mast

• Location: Warsaw, Poland

• Height: 646 m

• Built in: 1974

• Collapsed in: 1991• Collapsed in: 1991
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• Burj Khalifa

• Location: Dubai

• Height: 828 m

• Built in: 2007

The Tallest Structure

• Built in: 2007
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• Donghai Bridge

• Location: People's Republic 
of China

• Length: 32,500 m

• Built in: 2005

• Pontchartrain Causeway

• Location: Louisiana

• Length: 38,442 m

• Built in: 1956
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Carries 6 lanes of 
expressway

Crosses Hangzhou Bay

Locale Jiaxing / Cixi
City People's 
Republic of ChinaRepublic of China

Total length 35.673 km 
(22 mi)

Longest 
span

448 m (1,470 ft)

Opened 2008
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Main Span (m) 1,280

No. 9 Golden Gate Bridge

(No. 1 from 1937 until 1964)

Main Span (m) 1,991

Year Opened 1998

No. 1 Akashi-Kaiky Bridge

Main Span (m) 1,280

Year Opened 1937
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http://www.infrastructurereportcard.org/report-cards
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• ASCE 
Report 
Card
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Leaking pipes lose an estimated 7 billion gallons 
of clean drinking water a day
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• Total value of water supply networks is 
estimated at $4.8 billion per million population

• 26% of US water systems are unlined cast iron 
and steel in poor condition  with a replacement 
value of $348 billionvalue of $348 billion

• In the US, 2 million miles of pipeline, mostly 
buried and hard to access

• 250,000 to 300,000 “breaks” per year

• USGS Reports 6 billion gal/year are “losses or public 
use”- enough to supply the 10 largest US cities
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Hartsook St Corbin & Hartsook St Corbin & 
Kittridge
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Solid Waste
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World Urbanization

By 2008, for 
the first time 
in history, half 
of the world's 
population will 6
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Characteristics of Megacities

• Have high concentration of people, values and 
infrastructure

• Have high interconnectivity within region/country/continent / 
worldworld

• Interdependent flow of goods, finance and information

• global cities: gateways of regional markets

• Have infrastructures that are enormous, aging, fragmented, 
complicated and interdependent
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in Civil Engineering

• Airborne Stereo Photogrammetry
• Elevation maps

• Displacement (false relief)/ Soil liquefaction

• Airborne LIDAR• Airborne LIDAR
• High-resolution elevation maps

• Coastal erosion

• Landsliding
• Satellite/Optical imagery
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Civil Engineering

• Civil engineers are mainly using optical data 
• Photogrammetry from aerial photographs 

• Displacements from photogrammetry

• Visual analysis of damage using satellite imagery

• Altimetry• Altimetry

• Civil engineers are moving toward
• LIDAR for 3D images

• inSAR and PSinSAR

• Civil engineers have still to explore other more 
sophisticated remote sensing, e.g. hyperspectral
sensing. 
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Ground Displacements from 

Stereo Photogrammetry
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Soil Liquefaction

1964 Niigata earthquake

1999 Kocaeli earthquake
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High Resolution Topography 

Central Florida
The Netherlands
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• Reconnaissance of 2004 Niigata-
ken Chuetsu Earthquake in Japan

• Thousands of landslides

• Difficult access

• Annotated IKONOS image from C. • Annotated IKONOS image from C. 
Scawthorn of Kyoto Univerisity

• Landslides visually identified

• Liquefaction identified

• Notes regarding damage, ground 
motions, previous reconnaissance 
activities
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M 7.9m, ~ 200 km of fault rupture

• Affected area larger 
than 10,000 km2

• Significant 
landslides in 

50 km

landslides in 
mountainous area 

• Courtesy of Rathje, 
2010
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• LANDSAT Imagery
– Cloud-free pre-event imagery (April 2007/2008)

– Post-event imagery (May 2008) with significant cloud 
cover at edge of mountains

• High-resolution data
– Post-event IKONOS (IK) imagery purchased by USGS 

and made available to researchers

– Pre- and post-event Quickbird (QB) imagery purchased 
by Remote Sensing Consortium over localized areas
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Pre-event 
LANDSAT

Post-event IKONOS

Post-event 
LANDSAT

~ 5 km x 5 km area

Courtesy of E. Rathje
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Wenchuan EQ

Landslides

• Heavy concentration of 
landslides near Ying Xiu
and Miansi

• Fewer landslides to the • Fewer landslides to the 
west of epicenter

• Courtesy of E. Rathje
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IK Visual InterpretationLANDSAT Analysis

4 km Courtesy of E. Rathje
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LANDSAT Analysis QB Visual Interpretation

Landslides

2 km

Urban damage

Affected by 
proximity to 

clouds Courtesy of 
E. Rathje



USC Viterbi
School of Engineering SAR applications

in Civil Engineering

• Damage assessment
• Earthquake/ Change in reflectance

• Ground subsidence due to water removal

• Tectonic strains around faults• Tectonic strains around faults

• Landsliding
• Small displacement/large areas
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SAR reflectance data

LandSAT - Adapazari, Turkey
Before Earthquake - 4/24/99

After Earthquake - 9/10/99

SAR damage 

assessment
Courtesy of Shinozuka
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Ground Subsidence   

www.npagroup.com

Pomona
G. Pelzer, 1997
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Tectonic Strain
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SAR 

Inter-

ferometry

Courtesy of JPL
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George E. Hilley et al, Science, 2004
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George E. Hilley et al, Science, 2004
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George E. Hilley et al, Science, 2004
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• PSinSAR freeware is not trivial to use for 
civil engineers

• Steep learning curve• Steep learning curve

• PSinSAR professional software is 
expensive

• High cost of SAR photos
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in Civil Engineering

• Air Pollution

• Tsunamis

• Ground Deformation and Surface Faulting

• High Speed Rail

• Water Distribution System
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Effects of Air Pollution and Microclimates

on Public Health in Megacities

• Fine particulate matter (PM) 
and other pollutants are 
associated with premature 
mortality and respiratory 
and cardiovascular disease, 
resulting in serious impacts resulting in serious impacts 
to urban public health. 
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Courtesy of 
C. Sioutas
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Y. Liu,C. J. Paciorek,and P. Koutrakis, 2009,“Estimating Regional Spatial and Temporal 
Variability of PM2.5 Concentrations Using Satellite Data, Meteorology, and Land 
Use Information,” Environmental Health Perspectives
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Air Pollution  

Y. Liu, C. J. Paciorek, and P. 
Koutrakis, 2009,“Estimating Koutrakis, 2009,“Estimating 
Particle Sulfate Concentrations 
Using MISR Retrieved Aerosol 
Properties,” IEEE Journal of 
Selected Topics in Applied Earth 
Observations and Remote Sensing
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J. C. Borrero, 
Science, 2005

Satellite image of 
Banda Aceh after 
tsunami, draped 
over a 500-m DEM. 
Yellow line is the 
shoreline from shoreline from 
before the tsunami. 
The red line 
identifies the extent 
of inundation. 
Red dots show 
measurement 
locations of flow 
depth or direction. 
Numbers show 
indicative 
measurements. 
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Remote Sensing:

Tsunamis  

• RADAR ALTIMETERS on-board the Jason-1, 
TOPEX, Envisat, and GFO satellites obtained 
profiles of sea surface height on transects across 
the Indian Ocean between two and nine hours after 
the December 26 Sumatra earthquake. 

• The data are received hours to days after “real 
time,” too late to be used in detection and warning 
of tsunamis.

• Analysis of altimeter data was facilitated by 
“RADS,” the Radar Altimeter Database System (M. 
Naeije et al., 2002)
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W. H.F. 
Smith, R. 
Scharroo, V. 
V. Titov, D. 
Arcas, and 
B.  K. Arbic
Oceanograp
hy Vol.18, 
No.2, June 
2005
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CA High Speed Rail

800 miles

$30-80 Billions

79
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in LA since 2001

4 millions users

7200 miles of pipes

> 1500 breaks per year
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• Civil engineers design, build and operate not only bridges and 
buildings, but also infrastructures

• ASCE awarded a D grade to our infrastructures

• Civil engineers are familiar with optical imageries, but not as much 
with SAR and more advanced remote sensing applications

• PSInSAR processing tools need to be more user-friendly and less 
expensive

• UAVSAR offers a myriad of possibilities for urban infrastructures

• There are many potential applications of remote sensing in civil 
engineering as we reinvent/rebuild the infrastructure of the 21st

century


